Methods: According to the Assessment of SpondyloArthritis International Society classification criteria for axial spondyloarthritis, patients treated with adalimumab or infliximab were recruited consecutively. Serum samples were collected at enrollment to measure anti-drug antibodies and drug levels.
O maior índice de massa corporal e a presença de anticorpos antifármacos predizem a interrupção no uso de agentes anti-TNF em pacientes sul-coreanos com espondiloartrite axial
Palavras
Introduction
The advent of tumor necrosis factor (TNF) inhibitors represented a breakthrough in the management of chronic inflammatory diseases such as rheumatoid arthritis (RA), spondyloarthritis (SpA), psoriasis, and inflammatory bowel disease (IBD). Not only ankylosing spondylitis (AS), but also the non-radiographic form of axial SpA have benefitted from these drugs with response rates of 60-70%. [1] [2] [3] Regardless, a considerable proportion of SpA patients fail to respond ab initio (primary failure), or the inhibitors lose their efficacy over time despite an initial good response (secondary failure). 4, 5 Some patients may also need to discontinue TNF inhibitor treatment due to significant adverse events. 6 Recently, immunogenicity has been implicated as a primary cause of response failure, because all biologics, including TNF inhibitors, have immunogenic potential. The development of anti-drug antibodies (ADAbs) leads to low or undetectable drug levels, resulting in the failure or loss of efficacy of the drug and adverse events; this phenomenon has been well documented in patients with RA and Crohn's disease (CD). 7, 8 To date, ADAbs have been detected against infliximab (IFX), adalimumab (ADL), and golimumab (GLM) in SpA patients and there are several reports about the associations of these ADAbs with clinical response. 9 In addition to ADAbs, there are other factors that affect the pharmacokinetics of TNF inhibitors, such as concomitant use of disease-modifying antirheumatic drugs (DMARDs), especially methotrexate, the degree of systemic inflammation (e.g., serum albumin, Creactive protein, and TNF burden), body weight, and gender. 10 Historically, in the meantime, ADAbs against IFX were more often observed in RA patients compared to AS patients. It was thought to be higher doses of IFX used in axial SpA patients. 11 Established combination therapy with biologic agent and immunomodulators has also been described to prevent the development of ADAbs in patients with RA and CD as well. 12, 13 With respect to DMARDs, there is no solid evidence to support their use in axial SpA.
Previous studies of ADAbs in SpA patients have focused mostly on the incidence of ADAbs and their effects in western populations. We undertook the present study to investigate whether ADAbs exist in Korean patients with axial SpA and the clinical significance of this. Additionally, we investigated whether factors such as body weight and smoking affected ADAb levels in Korean SpA patients.
Methods

Study design and patients
This study was performed in an ambispective observational manner. From May 2012 to April 2013, a total of 100 axial SpA patients were recruited consecutively from a single tertiary hospital. Both ADAb and drug levels were measured in 89 AS patients, nine SpA-associated-with-IBD patients, one psoriatic SpA patient, and one undifferentiated axial SpA case. All patients fulfilled the Assessment of SpondyloArthritis International Society (ASAS) classification criteria for axial SpA. 14 AS patients also satisfied the 1984 modified New York Criteria. 15 At enrollment, they were treated with either ADL or IFX after failing to respond to at least two non-steroid antiinflammatory drugs (NSAIDs) or other kinds of TNF inhibitors. ADL was administered subcutaneously at 40 mg biweekly. IFX was given intravenously at 5 mg/kg at weeks 0, 2, 6, and every 8 weeks thereafter. Dosing intervals for each drug were adjusted according to disease activity and the treating physician's decision. Disease activity was scored by the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and the difference in score between baseline and the time of sampling or last observation was calculated. Data were reviewed retrospectively via medical records or obtained prospectively to assess the following variables: demographics, laboratory findings including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level, BASDAI score, concomitant use of NSAIDs or DMARDs, presence of infections, including latent or reactivated tuberculosis infection, side-effects including infusion reaction or injected site reaction, and the cause for switching or discontinuation of TNF inhibitors. Smoking status was not available in all participants and the accessible numbers were shown in brackets for each item in tables. Latent tuberculosis infection was diagnosed by experienced pulmonologists based on a positive QuantiFERON-TB Gold In-tube test result (Cellestis Limited, Carnegie, Victoria, Australia) and chest radiograph findings. Body mass index (BMI) at enrollment was calculated and patients were divided into three classes according to BMI based on the National Institute of Health classification 16 : BMI < 25 kg/m 2 , normal; BMI 25-30 kg/m 2 , overweight; BMI > 30 kg/m 2 , obese. Patients with a follow-up period of 6 months or greater after sampling were included in post-sampling statistical analyses. Study protocol was approved by the institutional review board of Samsung Medical Center and all participants gave written informed consent.
Measurement of drug and ADAb concentrations
Blood samples were collected at the time of enrollment before the next ADL injection or IFX infusion. Trough serum level of drugs (ADL or IFX) and the amount of ADAbs (anti-ADA or anti-IFX) were measured by enzyme-linked immunosorbent assay (TNF␣-Blocker-Monitoring and TNF␣-Blocker ADA, Immundiagnostik AG, Bensheim, Germany). We performed ELISA according to the manufacturer's instructions. To determine the quantity of free therapeutic TNF inhibitors, six calibrators were used to generate a standard curve, and positive and negative controls were included on all plates. The lower limit of detection was 0.4 g/mL. The presence or absence of ADAb was determined using the cut-off control included in the kit, which had a concentration of 10 AU/mL.
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences, version 18.0 (SPSS, Chicago, IL, USA). Descriptive data are reported as means, standard deviations (SD), or percentages. Differences between groups were tested with Student's t-test, Pearson's chi-square test, or the Mann-Whitney U test as appropriate. Odds ratios (OR) were calculated by logistic regression to determine factors predictive of drug discontinuation. Last observational carried forward (LOCF) analysis was performed during the follow-up. When patients were categorized into four groups according to their drug levels and presence of ADAbs, the cut-off of adequate drug levels was set to 5 g/mL for ADL and 0.8 g/mL for IFX based on the suggested levels of adequacy in IBD patients. 17, 18 Threshold for significance was set to p < 0.05.
Results
Patient characteristics
Mean age of the patients was 34.8 ± 10.1 years and mean disease duration from symptom onset was 11.1 ± 7.8 years. Demographic data and baseline characteristics of ADL users and IFX users are compared in Table 1 . ADL was prescribed mostly in patients with AS (95.8%), while IFX was prescribed to 25% of patients with SpA-associated IBD. Concomitant DMARD use was more frequent with IFX than ADL (p = 0.015). History of ever-smoking was more frequently observed in ADL users than non-ADL users (p = 0.02, n = 75). Other clinical characteristics were comparable between ADL users and IFX users. Eighty-two patients were first-time users of TNFinhibitors (anti-TNF naïve). Among 18 switchers previously treated with other kinds of TNF-inhibitors, the most commonly used agent was ETN (n = 12), followed by IFX (n = 3) and ADL (n = 1). Other two switchers had been prescribed two agents previously. Secondary failure was the major reason for switching (83.3%). Compared with switchers, first-time users had dosing intervals significantly extended relative to the scheduling suggested by the manufacturer (1.27 times vs. 1.64 times; equivalent to 2.54 weeks vs. 3.28 weeks, respectively, p = 0.02).
Anti-drug antibodies against current TNF-inhibitors
At the time of sampling, mean duration of use of current TNF inhibitors was 22.3 ± 17.9 months. Five of 74 ADL users (6.9%) had detectable ADAbs, while five of 28 IFX users (17.9%) had detectable ADAbs; this difference was not statistically significant (p = 0.13). Immunogenicity and clinical variables are shown in Tables 2 and 3. Baseline ESR, CRP level, and BASDAI were significantly different between ADAb-negative and ADAb-positive groups, as was the improvement in BASDAI from baseline in ADL and IFX users. Mean BMI of patients with ADAbs was significantly higher than that of ADAb-negative patients; among ADL users, 28.4 ± 5.9 kg/m 2 vs. 24.3 ± 2.9 kg/m 2 , respectively, p = 0.01; among IFX users, 25.9 ± 2.8 kg/m 2 vs. 22.6 ± 2.8 kg/m 2 , respectively, p = 0.02. Among IFX users, current and exsmokers were overrepresented in the ADAb-positive group relative to the ADAb-negative group (100.0% vs. 23.5%, respectively, p = 0.01), whereas there was no difference in the proportions of current and ex-smokers between ADAbpositive and ADAb-negative ADL users (75.0% vs. 68.0%, respectively, p = 1.00). No switchers had ADAbs against their current TNF-inhibitors. In ADL users, the dosing intervals tended to be prolonged in the ADAb-positive group (3.1 ± 2.0 times vs. 1.7 ± 0.9 times; equivalent to 6.2 ± 4.0 weeks vs. 3.4 ± 1.8 weeks, p = 0.19), whereas it was not adjusted in IFX users. Drug level of ADL was significantly lower in ADAb-positive patients than ADAb-negative patients (0.45 ± 0.68 g/mL vs. 5.64 ± 4.12 g/mL, respectively, p < 0.001). In IFX users, the ADAb-positive group tended to have a lower drug level than the ADAb-negative group but without statistical significance (1.65 ± 1.57 g/mL vs. 4.25 ± 3.29 g/mL, respectively, p = 0.10). 
Associations among discontinuation of treatment, adverse events, and ADAb status
Follow-up data for 98 patients who had been observed for at least 6 months or more (71 ADL patients and 27 IFX patients) were analyzed. One patient was lost to follow-up at 1 month (one IFX user) and another at 4 months (one ADL user) and were therefore excluded from the post-sampling analysis. Two female patients stopped taking TNF inhibitors because of pregnancy (one IFX user at 7 months and one ADL user at 14 months and) and their missing values were replaced by the LOCF method. Median follow-up duration was similar between the two groups (15.0 months in the ADAb-negative group vs. 13.5 months in the ADAb-positive group, p = 0.15). Regardless of the type of current TNF inhibitor, discontinuation of treatment occurred more frequently in the ADAb-positive group than the ADAb-negative group (30.0% vs. 6.5% respectively, p = 0.04). Of the patients who discontinued ADL during followup, drug levels was significantly lower at the time of sampling compared to baseline than that of patients who maintained ADL during follow-up (2.18 ± 1.49 g/mL vs. 5.55 ± 4.26 g/mL, respectively, p = 0.04). For IFX users, there was no significant difference in drug level at baseline and follow-up between those patients who discontinued treatment and those who did not (1.79 ± 2.06 g/mL vs. 3.95 ± 3.22 g/mL, respectively, p = 0.21). Reasons for discontinuing TNF inhibitor use between groups were so variable that statistical analysis was not possible. There were several adverse events during follow-up, but none of these required discontinuation of treatment (Table 4) .
Irrespective of the type of TNF inhibitor, patients could be divided into four categories based on drug level and the presence of ADAbs: 53 (54.1%) patients had an adequate drug level and no ADAbs (group 1); 35 (35.7%) patients had a low drug level and no ADAbs (group 2); three (3.1%) patients had an adequate drug level and detectable ADAbs (group 3); seven (7.1%) patients had an undetectable drug level and were ADAb positive (group 4). In the 71 ADL patients who were followed-up, four patients in group 2 and one patient in group 4 discontinued taking drugs, while among the 27 IFX patients who were followed-up, two patients in group 1 and two patients in group 4 discontinued drug use.
In univariate logistic regression analysis, predictors of subsequent drug discontinuation were the presence of ADAbs significant variables from univariate analysis. ADAb positivity had no impact on adverse events.
Discussion
Our goals in this study were assess the presence of ADAbs against ADL and IFX in Korean axial SpA patients, to determine the clinical importance of this, and to investigate factors associated with the development of ADAbs. We detected ADAbs in patients receiving either ADL or IFX treatment, and these ADAb-positive patients were at risk of subsequent drug discontinuation. A higher BMI was also related to a higher risk of ADAb positivity, and predicted subsequent drug discontinuation. Detectable ADAbs to ADL and IFX have previously been reported to decrease treatment response. 19 These ADAbs may reduce drug levels in several ways. First, ADAbs may neutralize therapeutic drugs by blocking binding sites for TNFs. Another possibility is that ADAbs may form immune complexes with therapeutic drugs, enhancing drug clearance. 10 IFX as a chimeric monoclonal antibody is considered to have more immunogenic potential than ADL, and ADAbs against IFX were investigated as human anti-chimeric antibodies (HACAs). HACAs reduce or shorten IFX efficacy in patients with RA and CD. 7, 8 Recently, the epitope of IFX immunogenic to the paratope of HACA was localized to F(ab ) 2 . 20 In contrast, ADL is a humanized monoclonal antibody that was engineered to have good in vivo tolerability and weakened immunogenicity. Unfortunately, however, ADAbs have also been found in ADL-treated patients, and these ADAbs have been shown to hamper the clinical response to ADL, as was observed in IFXtreated patients. 21 Immune response against ADL has been suggested to be highly restricted to the idiotype, resulting in anti-idiotypic antibodies that functionally neutralize ADL, despite the existence of small immune complexes. 10 In our study, among nine patients who discontinued drugs during follow-up, seven had low drug levels, including four patients without detectable ADAbs. The other two patients belonged to group 1 of IFX, indicating adequate drug levels and no ADAbs at sampling. Of these two patients, one had a slightly lower drug level (2.49 g/mL) than the mean in ADAb negative patients (4.25 g/mL), but this level was somewhat higher than the mean of ADAb-positive patients (1.65 g/mL). The second patient had sufficient drug levels (4.40 g/mL) but developed pleural effusion resembling serositis at the 13 month of follow-up. This patient received a thorough work-up for etiology, including thoracentesis, and based on this, we concluded that pleural effusion was a lupus-like manifestation based on the high titer of positive anti-nuclear antibodies and antidouble strand DNA antibodies. Autoimmune-like diseases such as psoriasis and systemic lupus erythematosus (SLE) are documented adverse events of TNF-inhibitors, and ADAbs may underlie these adverse events. Despite undetectable ADAbs at certain time points, long-lasting small immune complexes may induce type III hypersensitivity reactions such as serum sickness and SLE. 10 Detection rate of ADAb was 6.9% in ADL-receiving axial SpA patients and 17.9% in IFX-receiving axial SpA patients. ADAb incidence in the literature ranges from 18 to 31% in response to ADL treatment and 15.4 to 29% in response to IFX treatment of patients with AS and psoriatic arthritis. 9 Incidence of ADAb was therefore relatively low in our study. Several factors may have contributed to this discrepancy. One factor is diverse detection methods. ELISA and radioimmunoassay (RIA) are the two major methods used to detect ADAbs, but although ELISA is more broadly used, it is less specific than RIA, which might contribute to our relatively low detection rate. Furthermore, different ELISA kits have variations in the amount of serum or plasma used, incubation conditions, and type of molecule conjugated to the detection antibody. Recommended cut-off and measurement strategies (e.g., qualitative vs. quantitative) also vary widely among kits. Disparate measurement time-points, such as the timing between the assay and last injection of TNF inhibitor, and the timing of sampling of longitudinal use of TNF-inhibitors, could also affect the results. Drug concentration of the sample between injections may also vary, which would affect the sensitivity of the assay. 9 Considering that some patients with transient ADAbs develop tolerance to the drugs and ADAbs detected at later time points are related to a decrease in drug level, 22 detection rates of 6.9% and 17.9% for ADL and IFX ADAbs are reasonable for a mean sampling time of 22.3 ± 17.9 months of using TNF inhibitors. Dissimilar study populations could also have contributed to the lower incidence of ADAbs detected in our study. There are striking variations in the distribution of immunoglobulin GM and KM allotypes among different ethnic groups. Associations between certain types of allotypes and antibody responses can yield differential immunity to infectious diseases. 23 For example, individuals with the G1m3 phenotype were shown to have ADL ADAbs less often than those with the G1m1, 17-allotype. 24 The types of immunoglobulin GM and KM allotypes present in the Korean population could have affected our results, but this was beyond the scope of our study.
Among 100 axial SpA patients, concomitant DMARDs were used in only 10 patients. Because our practice complies with the recommendations for the management of axial disease, most patients were treated with TNF inhibitors and/or NSAIDs unless they had other requirements. 25 DMARDs were more often prescribed together with IFX than ADL. This is likely because more patients with SpA-associated IBD were treated with IFX than ADL and these patients required mesalazine, sulfasalazine, or azathioprine. During the postsampling period, concomitant DMARDs were stopped in half of the patients while they were maintained in the other 50% of patients because of IBD and peripheral arthritis. Nevertheless, logistic regression revealed that the use of DMARDs was not associated with ADAb positivity, although larger sample sizes are required to test this hypothesis in a rigorous statistical manner.
Unlike IFX users who had fixed, regular dosing intervals, ADL users had variable dosing intervals. Compared to patients without ADAbs to ADL, ADAb-positive patients had significantly prolonged dosing intervals. Scheduled IFX treatment strategies are known to be less immunogenic than variable IFX treatment strategies, 26 but this has not been investigated for ADL. It is also not clear whether a scheduled regimen helps diminish immunogenicity or whether labile dosing intervals are directly related to eventual treatment failure.
Intriguingly, ADAb-positive patients were significantly overweight or obese compared to ADAb-negative patients in both ADL and IFX groups. BMI was the only variable that increased the risk of ADAb development or protected against it in logistic regression analysis. Obesity is a strong determinant of inflammation in the general population. 27 In recent studies, BMI has been shown to strongly influence the response to TNF inhibitors in RA and SpA patients; a higher BMI is associated with a decreased chance of achieving remission. 28, 29 In particular, response to IFX was reduced to a greater extent than that to ADL or ETN in obese axial SpA patients, but the reason for this has not been elucidated. 29 Adipose tissue can modulate the inflammatory response by producing several inflammatory cytokines, including TNF-␣, and expressing Fc receptors. 30 Decreased efficacy of TNF inhibitors in obese patients could be caused by interactions between Fc receptors expressed on adipocytes and the Fc portion of drugs as ligands. While TNF inhibitors could potentially interact with Fc receptors on adipocytes, variable regions of the drugs, such as the Fab or F(ab ) 2 fragments, may be exposed, thereby serving an immunogenic function. In our study, BMI was not significantly related to ADAb positivity when patients were stratified based on the type of TNF inhibitor they used. This may be due to the small numbers of patients evaluated in this study; these results need to be confirmed in a larger cohort of patients.
Another notable finding was that among ADL users, a history of smoking was more frequent in ADAb-positive patients than ADAb-negative patients. This indicates that smoking may be a risk factor for ADAb development in patients treated with TNF inhibitors. Smoking has also been shown to be associated with RA pathogenesis and disease activity. 31 Recent studies showed that smoking was a negative prognostic factor for response to both MTX and TNF inhibitors in RA. 32, 33 A possible mechanism linking smoking to a poor TNF inhibitor response may be significantly higher serum soluble IL-2 receptor (sIL-2R) levels in smokers. 34 Meanwhile, human leptin has been reported to enhance proliferation and activation of circulating T lymphocytes in a dose-dependent manner by stimulating the synthesis of IL-2. In light of this, increased leptin levels in obese patients could activate circulating T cells via IL-2, resulting in a decreased response to TNF inhibitors. 35 Smoking and obesity might have a synergistic effect on a poor response to TNF inhibitors; however, the underlying mechanisms still have to be determined.
This study had several limitations. First, the sample size was small and missing data were present. Second, ADAb and drug levels were assayed only once in a cross-sectional manner, not in a serial manner, preventing more comprehensive deductions about the relationship between drug responses, side effects, and ADAb status. There are still arguments about the utility of ADAb and drug level measurement in clinical practice for decision-making purposes. Lastly, it requires a more cautious approach to generalizing our data to other populations or races due to the genetic differences. Nevertheless, we concluded that the development of ADAbs to ADL and IFX could be associated with a reduction in serum levels of ADL and IFX, leading to subsequent discontinuation of treatment, and that overweight and obese patients may be more prone than their counterparts to develop immunogenicity to TNF inhibitors. These data need to be confirmed in a larger cohort of axial SpA patients in a long-term prospective study. The underlying mechanisms by which obesity and smoking contribute to the immunogenicity of TNF inhibitors in axial SpA patients also require elucidation.
